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Although it has been widely appreciated for many years
among physicians and microbiologists that blood cultures are
among the most important laboratory tests performed in the
diagnosis of serious infections (35), it has become equally ap-
parent in more recent years that contaminated blood cultures
are common (25, 42), enormously costly (3, 29), and frequently
confusing for clinicians (1, 12, 14, 26). Clinical studies of blood-
stream infections over 3 decades have provided guidelines for
differentiating true pathogens from contaminants or organisms
of unknown significance (14, 18, 41, 42); however, a true “gold
standard” for differentiating pathogens from contaminants
does not exist (4, 25). Moreover, the most common blood
culture contaminants, coagulase-negative staphylococci (CoNS),
which were almost always such several decades ago (18, 41),
now are pathogens more frequently (19, 25, 26, 42), and judg-
ing the clinical significance of this group of microorganisms in
blood has proven to be especially problematic (1, 11, 22, 24, 26,
42; S. J. Peacock, I. C. Bowler, and D. W. Crook., Letter,
Lancet 346:191-192, 1995). This review focuses on how patho-
gen-contaminant decisions are made, the phenomenon of in-
creasing contamination of blood cultures, potential methods
for addressing high contamination rates, and practical labora-
tory approaches to the workup of likely contaminants.

TOOLS FOR INTERPRETING THE CLINICAL
SIGNIFICANCE OF POSITIVE BLOOD CULTURES

A number of clinical and laboratory tools have been pro-
posed to aid microbiologists and physicians in deciding wheth-
er a blood isolate is a pathogen or a contaminant. These in-
clude the identity of the microorganism itself; clinical features
such as fever, leukocytosis, and results of imaging studies
(available to the clinician but usually not to the microbiolo-
gist); the proportion of blood culture sets positive as a function
of the number of sets obtained; the time it takes for growth to
be detected once a blood culture is received in the laboratory;
and the number of culture vials within a culture set that show
growth. Some of these tools have proven to be quite useful,
whereas others have not.

The identity of the microorganism that grows from a positive

blood culture provides important interpretative information.
MacGregor and Beaty (18) documented this observation in the
early 1970s, and studies by my colleagues and I confirmed and
updated the earlier findings (41, 42). A predictive model that
assessed multiple variables also documented microorganism
identity as an independent predictor (4). Microorganisms that
always or nearly always (�90%) represent true bacteremia or
fungemia include Staphylococcus aureus, Streptococcus pneu-
moniae, Escherichia coli and other members of the Enterobac-
teriaceae, Pseudomonas aeruginosa, and Candida albicans (42).
Although published data from large studies with multiple
isolates of the following organisms are lacking, it is my obser-
vation that Streptococcus pyogenes, Streptococcus agalactiae,
Listeria monocytogenes, Neisseria meningitidis, Neisseria gonor-
rhoeae, Haemophilus influenzae, members of the Bacteroides
fragilis group, Candida species other than C. albicans, and
Cryptococcus neoformans always or virtually always represent
true infection. In contrast, microorganisms such as Corynebac-
terium species, Bacillus species other than B. anthracis, and
Propionibacterium acnes represent true bacteremia only rarely
(42). Detection of CoNS, the most frequent of all blood culture
isolates, can be especially vexing. These bacteria are most often
contaminants, but they have taken on increased clinical impor-
tance as the etiologic agents of catheter-associated bacteremia
and bacteremia in patients with vascular and other prostheses
(19, 26, 42). Accordingly, one can no longer judge the clinical
significance of a CoNS isolate solely on the basis of its identity.
Similarly, the clinical significance of other microorganisms also
cannot be judged based only their identity. For example, in a
recent study, enterococci and viridans group streptococci were
pathogens 78 and 38% of the time, respectively, and Clostrid-
ium perfringens most often (77%) was a contaminant, whereas
other Clostridium species most often (80%) were pathogens
(42).

The number of blood culture sets that grow microorganisms,
especially when measured as a function of the total number
obtained, has proved to be a useful aid in interpreting the
clinical significance of positive blood cultures (18, 41, 42). In
contrast to patients with endocarditis or other bloodstream
infections, in whom all blood cultures or the majority thereof
are positive, patients whose blood cultures grow contaminants
usually have only a single blood culture (when two or more are
obtained) that is positive (42). Although obvious, it bears em-
phasis that if only a single blood culture is obtained, the value
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of this tool ceases to exist; and this is but one reason (another
being increased blood volume) that at least two blood culture
specimens are recommended as standard practice (2, 23, 37).
The value of obtaining more than a single blood culture is that
it also assists in interpreting the clinical significance of positive
results by virtue of the following calculation. If an institution
has a baseline blood culture contamination rate of 3%, the
probability of recovering the same organism in two culture sets
from a patient, and of that organism being a contaminant, is
less than 1 in 1,000 (0.03 � 0.03 � 0.0009)!

A laboratory tool that has been used as an aid to differen-
tiating clinically significant isolates from contaminants is as-
sessment of the time necessary for microbial growth to occur
(4). The underlying premise is that growth of pathogens, which
are likely to be present in larger inocula, will be detected
earlier than that of contaminants, which are likely to be present
in much smaller quantities (18). Whereas this concept likely
has validity, the degree of overlap in the detection times of true
pathogens versus contaminants is such that this variable cannot
be relied upon as a predictor of a true-positive culture (8).
Moreover, with the wide use of continuously monitoring blood
culture systems and the concomitant decrease in the time to
detection of growth, the time difference between the detection
of true pathogens and contaminants has been narrowed even
further.

Some microbiologists and clinicians have used the number
of culture bottles positive within a blood culture set as a guide
to determine whether isolates represent true pathogens or
contaminants. However, there now are published data, at least
for CoNS, that show that this technique is not clinically useful
(22; Peacock et al., letter). Although clinically significant CoNS
may grow more often in multiple bottles within a set as op-
posed to a single bottle, and contaminants may more often
grow in only one bottle of a set, the degree of overlap is such
that for a given culture this information cannot predict clinical
significance reliably (22; Peacock et al., letter). Accordingly,
this criterion should not be used.

THE PARADOX OF INCREASING NUMBERS OF
CONTAMINANTS

Despite numerous advances in blood culture methodology
and systems in recent decades, some hospitals and laboratories
have noted that an increasing proportion of blood culture
isolates represent contamination compared with those in years
past (42). There are several possible explanations for this un-
expected observation. The newer continuously monitoring
blood culture systems have improved algorithms for detecting
microbial growth and may be detecting microorganisms
present in low numbers that previously were missed. More-
over, several broth medium formulations such as the BACTEC
Plus Resin media (Becton Dickinson, Sparks, Md.) and BacT/
ALERT FN media (bioMerieux, Durham, N.C.) have been
shown to have improved detection of staphylococci, including
CoNS which most often are contaminants (10, 20, 28, 38, 40,
43, 45). Thus, the ability of new systems and media to detect
these organisms, even when present in small numbers, may be
responsible in part for the observed increase in the proportion
of blood cultures with contaminants.

The increased use of central venous access catheters and

utilization of these devices for the purpose of obtaining blood
specimens for culture may also be contributing to the increased
numbers of contaminated blood cultures. Several studies have
documented increased contamination when blood cultures are
obtained in this fashion (5, 6, 7; R. B. Sivadas, B. Vazirani,
S. Mirrett, and M. P. Weinstein, Abstr. 101st Gen. Meet. Am.
Soc. Microbiol., abstr. C10, 2001), perhaps because it is more
difficult to sterilize these devices than it is the skin before blood
is obtained. Although physicians and nurses may believe they
are saving patients the pain of an extra needle stick when blood
cultures are obtained from catheters rather than by venipunc-
ture, they may actually be doing their patients and the health
care system a disservice if contaminants are grown from the
culture resulting in the need for even more cultures, other
diagnostic studies, unnecessary antibiotic therapy, and the as-
sociated incremental costs of care.

Prior to the human immunodeficiency virus (HIV) era,
blood cultures traditionally were obtained by a two-needle
technique, using a sterile needle and syringe to perform the
venipuncture, then changing to a second sterile needle before
inoculating the blood culture vial. The purpose of the two-
needle technique was to reduce the chance that skin microor-
ganisms that might be present on the needle used for the
venipuncture would be inoculated into the blood culture vial,
thereby resulting in a contaminated blood culture. As the
knowledge of HIV as a bloodborne pathogen and the risks of
needle stick transmission of HIV became evident, several stud-
ies were undertaken to determine whether contamination rates
would be affected if only one needle was used for both veni-
puncture and inoculation of blood culture vials (9, 15, 16). The
results of each of these studies showed no significant increase
in contamination rates when the single-needle technique was
used. Subsequently, however, a meta-analysis suggested that
single-needle blood cultures were associated with contamina-
tion rates of 3.7% compared with 2.0% when a two-needle
technique was used (30). Since the current standard of care
continues to be the single-needle technique in order to reduce
the risk of occupational needle stick injuries, slightly higher
contamination rates may have to be tolerated.

REDUCING THE NUMBER OF CONTAMINATED
BLOOD CULTURES

Although it is not possible to achieve contamination rates of
zero or even close to zero (31), there are potential means by
which contamination can be reduced. These include the use of
collection methods that increase the chances for sterility, for
example, obtaining blood via venipuncture rather than from an
intravascular catheter or using a two-needle rather than a sin-
gle-needle technique, as has already been mentioned. For the
reasons already stated, the two-needle method is unlikely to
return to widespread use; however, laboratories and institu-
tions can and should actively promote blood cultures obtained
from venipuncture rather than intravascular devices as a means
of practicing evidence-based medicine.

There is also evidence that some antiseptic preparations may
be more efficacious than others in reducing contamination
rates. Povidone iodine preparations require 1.5 to 2 min of con-
tact time to produce their maximum antiseptic effect, whereas
iodine tincture requires approximately 30 s (13). Health care
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workers who obtain blood cultures are often in a hurry, do not
understand the importance of antiseptic preparation contact
time, and are less likely to wait 1.5 to 2 min as opposed to half
a minute before obtaining blood. At least two studies have
documented a significantly lower contamination rate using io-
dine tincture compared with an iodophor (17, 31). Another
report compared the use of 0.2% chlorine peroxide and 10%
povidone iodine and demonstrated lower contamination rates
when chlorine peroxide was used (29). Lastly, an alcoholic
solution of 0.5% chlorhexidine gluconate used as an antiseptic
prior to blood culture was associated with significantly lower
contamination rates compared with a standard povidone-io-
dine preparation (21).

Several published studies have shown that trained phlebot-
omists or blood culture teams can reduce contamination rates
in individual institutions (27, 32, 36), and this has been con-
firmed in my own institution (Sivadas et al., 101st Gen. Meet.
Am. Soc. Microbiol.). At a New York City, N.Y., community
teaching hospital, the contamination rate for blood cultures
drawn by a blood culture team using a commercially available
blood culture prep kit was approximately 1% compared with
rates of 4.8% for blood cultures drawn by resident physicians
using the same method (36). The contamination rate when
residents did not use the commercial prep kit was even higher
(8.4%) (36). In a large survey of over 600 hospitals sponsored
by the College of American Pathologists, median contamina-
tion rates for institutions in which more than half of all blood
cultures were collected by resident physicians was 3.9%, com-
pared with 2.2% in the remaining institutions (27). In a pilot
study at my institution, contamination of blood cultures ob-
tained by phlebotomists trained and monitored monthly by
microbiology laboratory staff was 3%, compared with nearly
11% for blood cultures obtained by resident physicians, non-
degree nursing assistants, and nurses (M. P. Weinstein, unpub-
lished observation). Subsequently, my colleagues and I as-
sessed contamination in a larger study and again found that
samples collected by phlebotomists had lower contamination
rates than those collected by nondegree nursing assistants,
nurses, and resident physicians (the last of whose samples had
the highest contamination rates) (Sivadas et al., 101st Gen.
Meet. Am. Soc. Microbiol.).

Whether or not commercially marketed blood culture prep
kits are associated with reduced blood culture contamination
rates remains controversial. Some studies have shown reduced
contamination (27, 36) with commercial prep kits, whereas
others have shown no difference (44). The manufacturer of at
least one commercial prep kit has offered ongoing in-service
education for personnel obtaining blood cultures (M. P. Wein-
stein, personal observation), which itself may be associated
with reduced contamination rates.

LABORATORY WORKUP OF LIKELY BLOOD CULTURE
CONTAMINANTS

In the real world of clinical microbiology laboratories, nearly
half of all positive blood cultures represent contamination
(42). Complete laboratory workup of contaminant isolates is
associated with increased technologist workload and institu-
tional cost. Therefore, some laboratories have developed algo-

rithms for dealing with this problem based, at least in part, on
many of the studies reviewed in this article.

At the University of Iowa, for example, Richter et al. (25)
tested, validated, and implemented an algorithm to minimize
the workup of blood culture contaminants. CoNS, aerobic and
anaerobic diphtheroids, Micrococcus spp., Bacillus spp., and
viridans group streptococci are considered contaminants if cer-
tain criteria are met. If two or more blood cultures are ob-
tained and only one is positive, the isolate is reported as a
probable contaminant and susceptibility testing is not done
unless the physician calls the laboratory. If only a single blood
culture is obtained and grows one of the likely contaminants, a
pathology resident reviews the patient’s chart and judges the
clinical significance of the isolate based on published data (42).
Susceptibility testing is not done if the isolate is judged to be a
contaminant. If two or more blood cultures are obtained and
two cultures are positive within a 48-h period, one of two
actions is taken. If the isolates are viridans group streptococci,
they are presumed to be clinically significant and a full workup
is done. If one of the other likely contaminants is present, the
pathology resident reviews the patient’s chart, and the labora-
tory workup proceeds according to the resident’s judgment
regarding clinical significance.

In my laboratory, a similar protocol is followed, but it is
modified somewhat based on the fact that pathology residents
are not always assigned to microbiology. The same microor-
ganisms are considered likely contaminants. If two or more
blood cultures are submitted and only one is positive, neither
species identification nor susceptibility testing is done; the iso-
late is reported as a probable contaminant. If only one blood
culture is submitted and it grows a likely contaminant, the
workup is the same; the isolate is reported to be of indetermi-
nate significance and the physician is advised to call the labo-
ratory director if additional workup is needed. If two or more
blood cultures grow a likely contaminant other than CoNS (see
below) within a 48-h period, a full workup is done. If the
isolates are the same, the identification and susceptibility re-
sults are reported. If the isolates are different, they are re-
ported as probable contaminants without susceptibility results.

When two or more blood cultures grow CoNS, my labora-
tory undertakes species identification and reports susceptibility
results. I find that the additional information assists in deter-
mining whether the isolates are clinically significant (12, 39).
If the strains isolated have the same biochemical profile and
antibiogram, it is probable that they are identical (although
only molecular typing provides proof). This information in-
creases the likelihood that the isolates represent clinically sig-
nificant bacteremia, and identification and susceptibility results
are reported to the clinician. However, if the biochemical pro-
files and antibiograms are not the same (i.e., two or more
differences in biochemical results and susceptibilities [suscep-
tible versus resistant]), the isolates are much more likely to
represent contamination. In this instance, the laboratory re-
ports that two different CoNS strains were identified, and sus-
ceptibility results are not provided. Although this technique
has proven clinically useful in most circumstances, the algo-
rithm is not foolproof. Two studies from the same center in
Belgium have described polyclonal CoNS bacteremia (33, 34).
Thus, in patients who have multiple positive blood cultures
growing CoNS that appear to be different strains, the labora-
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tory may need to perform additional testing if clinicians believe
clinically significant infection is present.

As is apparent from the foregoing discussion, the current
state of the art remains suboptimal. Although progress has
been made, the interpretation of the clinical significance of
microorganisms that are common blood culture contaminants
and the technical effort and institutional costs associated with
working up probable contaminants remain problematic. Gold
standards for solving these problems still are elusive.
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